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PREFACE 


The  aircraft  replenishment  spares  budget  process  is 
dynamic  and  complex.  The  D041  requirements  computation 
system  is  used  to  compute  a  buy  requirement  and  to  forecast  a 
budget  requirement  for  spare  parts.  The  spares  requirement 
is  subject  to  considerable  change  between  the  time  the 
buoyet  requirement  is  submitted  and  the  time  the  parts  are 
purchased.  The  variables  used  in  the  D041  will  change.  The 
constant  changing  of  variables  is  referred  to  as  churn. 

Churn  causes  the  individual  item  requirements  to  change  from 
the  budget  requirement  to  the  buy  requirement.  This  paper 
will  examine  churn  by  looking  at  churn's  effect  On  individual 
item  requirements  and  on  the  budget  requirement  in  terms  o^' 
dollars.  There  are  hundreds  of  millions  of  dollars  at  stake 
in  being  able  to  convince  budget  examiners  tfiat  churn  is 
to  be  expected  and  results  in  a  good  buy  requirement. 

The  author  wishes  to  thank  Lieutenant  Colonel  James 
McClaugherty  and  Ms  Deborah  Alexander  from  AF/LEXW  for  their 
support  and  encouragement.  Also,  Ms  Virginia  Mattern  from 
Logistics  Management  Institute  provided  the  data  used, 
without  which  this  project  could  not  have  been  accomplished. 
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ABOUT  THE  AUTHOR 


Major  Needham  enlisted  in  the  Air  Force  in  1969.  In  1973  he 
obtained  his  commission  through  Officer  Training  School  after 
graduating  from  the  University  of  Nebraska  at  Omaha.  He  was 
assigned  as  a  supply  officer  to  the  5th  WeathC'"  Wing  and  then 
to  a  radar  squadron  at  Baudette  Air  Force  Station.  In  1978 
Major  Needham  obtained  a  Master  of  Science  degree  in 
Logistics  Management  from  the  Air  Force  Institute  of 
Technology.  Following  graduate  school  he  was  assigned  to  the 
International  Logistics  Center  in  Air  Force  Logistics 
Command.  Major  Needham  was  chiosen  to  initiate  foreign 
military  sales  programs  with  the  Islamic  Republic  of  Iran, 
and  while  in  Teriran  in  1979  he  was  taken  hostage.  After  he 
was  released  by  Iran  in  1981,  Major  Needham  was  assigned  to 
the  Acquisition  Logistics  Branch  in  Strategic  Air  Command 
Headquarters.  In  1982  he  was  assigned  to  the  Air  Staff  as  a 
Logistics  Capabilities  Analyst.  He  assisted  in  developing 
the  Logistics  Capability  Measurement  System,  which  was  used 
to  justify  the  aircraft  replenishment  spares  budget  within 
the  Defense  Department  and  to  Congress.  In  1984  Major 
Needham  became  manager  of  the  aircraft  replenishment  spares 
budget  program  on  the- Air  Staff.  He  obtained  100  percent 
funding  for  aircraft  replenishment  spares  in  1985,  which  was 
the  only  time  in  recent  history  this  had  been  accomplished. 
Major  Needham  was  appointed  chief  of  the  aircraft  initial 
spares  budget  program  in  1986.  He  obtained  100  percent 
funding  for  initial  spares  and  spare  engines  for  all  aircraft 
acquisition  programs.  Major  Needham  is  currently  attending 
the  Air  Command  and  Staff  College  and  will  remain  there  as  a 
faculty  instructor  after  graduating  in  June. 


EXECUTIVE  SUMMARY 


Part  of  our  College  mission  is  distribution  of 
the  students'  problem  solving  products  to 
DOD  sponsors  and  other  interested  agencies 
to  enhance  insight  into  contemporary, 
defense  related  issues.  While  the  College  has 
accepted  this  product  as  meeting  academic 
requirements  for  graduation,  the  views  and 
opinions  expressed  or  implied  are  solely 
those  of  the  author  and  should  not  be 
construed  as  carrying  official  sanction. 
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Process 


I.  Ey!lB.'25§i  To  explain  what  churn  is  and  the  impact  it 
has  on  the  aircraft  replenishment  spares  budget  process. 

II-  Eil2biemj_  The  aircraft  replenishment  spares  budget  is 
built  using  a  bottoms-up  approach  based  on  the  D041 
requirements  computation  system.  This  process  generates  a 
forecasted  list  of  items  and  anticipated  costs  which  becomes 
the  basis  for  the  budget.  Some  Congressional  staffers 
believe  that  tlie  forecasted  items  are  the  ones  that  Eihould  be 
bought  and  want  the  Air  Force  to  notify  Congress  eachi  time 
the  actual  buy  deviates  from  the  forecast.  Churn,  the  budget 
process,  and  the  impact  of  churn  on  the  process  needs  to  be 
explained  to  the  staffers. 


III.  Datai  The  D04 1  computes  buy  requirements  and 
forecasts  future  requirements  by  using  numerous  variables. 

The  variables  are  time  sensitive,  and  their  values  change 
over  time.  This  changing  of  variables’  values  over  time  is 
defined  as  churn.  As  the  values  change,  the  requirements 
cc'mputed  by  tfie  D041  also  change.  To  see  the  impact  of  churn 


CONTINUED 


on  individual  items  and  at  the  budget  level,  an  item  sample 
was  selected.  Two  sets  of  budget  and  buy  requirements  were 
computed  using  Logistics  Management  Institute's  Aircraft 
Availability  Model  and  the  D041  variables’  values  from  Air 
Force  Logistics  Command  (AFLC) .  The  variables'  values  for 
each  item  were  compared  to  determine  which  variable  caused 
the  greatest  increase  or  decrease  from  the  budgeted 
requirement  to  the  buy  requirement.  The  dollar  value  of  the 
items  requirements  were  then  summed  and  comparisons  made. 
Although  the  requirements  were  not  actual  AFLC  budget  and  buy 
requirements,  some  conclusions  and  recommendations  can  be 
made  sin'ie  the  logic  of  the  two  models  is  very  similar. 

IV.  Lone Xusionsj_  Based  on  the  items  examined  we  observed 
a  change  of  over  70  percent  in  dollars  of  individual  item 
requirements  from  the  budget  to  the  buy.  Thie  change  was  only 
about  plus  or  minus  10  percent,  hiowever ,  from  the  total 
budget  requirement  to  buy  requirement.  Because  the  sample 
data  in  this  paper  was  a  selected  sample  no  extrapolations  to 
the  population  can  be  maae. 

EgCommendat  i_onsi  AFLC  should  conduct  a  similar  study 
using  actual  budget  and  buy  requirements.  Additionally,  AFLC 
should  establish  an  analysis  office  that  would  concentrate  on 
budget  analysis  and  help  in  explaining  the  relationship 
between  the  budget  and  the  buy.  Such  an  office  would  help 
create  greater  Congressional  confidence  in  the  budget. 


Chapter  One 


INTRODUCTION 

The  Air  Force  aircraft-  replenishment  spares 
ap  p  r  cip  r  1  at  1 'Cn  increased  from  2.1  billiC'n  dollars  in  isSl  t  ci 
3.3  billion  dollars  in  1985,  then  de'ireased  to  1.9  b  i  1  1  i 'On 
dollars  by  1983.  Tliese  funds  are  used  to  buy  spare  parts  fc-r 
the  supply  inventory  which  are  then  used  tc.  repair  air';r<:irt. 
The  tC'tal  value  of  the  spares  inventory  has  yrown  duriiiq  this 
same  period  friam  12  billion  dollars  to  over  35  billiC'ii 
dollars  (10:5:.  This  growth  is  partly  the  result  of 
inflation  ithe  inventory  is  costed  at  replacement  value.'  but 
is  mc'stly  due  to  thie  expansion  of  parts  in  the  inventc^ry. 

The  annual  budget  for  spares  is  based  C'O  the  need  t 'j  replace 
iC'PdeiTined  parts  (those  beyond  economical  repair!',  expand  the 
inventii'ry  for  various  reasons,  and  to  buy  war  reserve 
mat er 1  el  . 


The  results  of  the-  increased  inventory  are  most  'rlearly 
seen  in  rni  ssi  on-capabl  e  rates.  For  example,  the  F-15  and 
F-16  mi  SSI  on-c  apab  1  e  rates  have  gone  from  60  percent  in  1982; 
to  icver  85  per'zent  in  19S7.  The  major  variables  affecting 
mi  ssi  ran-c  apab  1  e  rates  are  spares,  maintenance  manpc'wer  , 
maintenance  technipues,  and  benchstocf;  type  items.  Of  the 
four  major  variables,  only  spares  availability  has 
significantly  changed.  As  a  result,  we  can  conclude  that  the 
iniirease  in  mi  ssi  cmi-c  apabl  e  rates  is  a  direct  result  of  the 
increases  in  thie  spares  inventory. 

Since  1985  the  spares  appropriation  has  been  serii'usly 
reduced — by  almost  tw.c  billi'cn  dollars.  The  House 
Appr opr  1  at  1 ons  Committee  (HACi  justified  the  cuts  primarily 
by  using  the  results  of  a  House  Surveys  and  Investigations 
report  which  concluded  that  the  Air  Force  1966  budget  request 
was  overstated  by  over  SCO  million  dollars  (4:1). 

Addi t 1 onal 1 y ,  there  have  been  a  continuing  series  of  GAD 
audits  Ic'Citing  at  thie  spares  budget  and  the  mettiod  of 
devel'i'ping  the  budget.  These  GAO  audits  tiave  been  criti  al 
of  the  r  el  at  1  Cipsh  1  p  between  the  budget  and  the  a'ltual 
erecuticin  (spending  the  money!'.  In  reviewing  the  FYS8-B9 
budget  request,  the  HAC  questioned  why  the  Air  Force  has  been 
buying  parts  other  than  those  listed  in  tfie  bticlget 
dc'cument  at  1  on  (6: — !>  . 

The  dynamic  nature  of  variables  used  to  devel  C'p  tlie 
budget  and  thie  buy  requirements  is  one  of  the  rn'Cst 
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significant  rea-ons  for  thie  discrepancy  between  tbie  items 
budgeted  for  and  those  actually  purchased.  There  are  over 
1000  variables  used  to  compute  the  future  requirement  fco 
each  part  in  the  inventory  over  an  eight-year  period. 

Multiply  thiat  complexity  by  the  150,000  parts  for  which 
requirements  are  computed,  and  the  dimensions  of  the 
requirements  computation  process  begin  to  become  apparent. 

In  an  attempt  to  produce  the  best  possible  statement  of 
requirements,  the  variables  used  in  the  requirements 
computation  model  are  updated  quarterly.  This  'lonstant 
updating  adds  to  the  dynamic  nature  C'f  the  requirements 
process  and  is  called  churn.  Churn  is  the  constant  changing 
of  variables,  which  results  in  changing  parts  requirements. 
Because  C' f  the  large  number  of  dollars  involved  in  the 
replenishment  spares  budget  and  the  impact  of  spares  C'n 
aircraft  mi  ssi  on -c  apab  1  e  rates,  the  ptienomenum  of  churn  needs 
tC'  be  under  St  O'l'd ,  especially  its  impact  on  the  spares  budget. 

Churn  causes  individual  item  requirements  submitted  as 
par  t  Cl  f  the  Air  Force  budget  request  to  change  between  thie 
time  tfie  budget  is  submitted  and  the  time  the  actual 
purchases  are  made.  That  time  lapse  is  about  one  and  one- 
half  years.  As  a  result,  the  items  the  Air  Force  buys  during 
ttie  execution  year  are  not  necessarily  the  same  items 
Congress  reviewed  in  approving  the  budget.  Congressional 
Staffers,  ncit  fully  knowledgable  of  churn,  want  the  Air  Foriie 
to  tell  them  each  time  the  buy  requirement  changes  from  the 
Air  Force  budget  request. 

Thiere  are  billions  of  dollars  at  stake  in  being  able  to 
uriderstand  whiat  churn  is  and  how  it  affects  the  spares 
budget.  Thus  paper  will  explain  what  churn  is  in  Chapter 
Two.  It  will  examine  the  impact  of  churn  on  selected  parts 
in  Chapter  Three.  Clvapter  Four  will  explain  the  effect  of 
cf'iurn  on  budget  and  buy  requirements  and  why  churn  shiauld  not 
lessen  ccirifidence  in  the  aircraft  spares  budget  process. 
Finally,  Chapter  Five  will  present  conclusions  and 
r  ei:  cuTimendat  ions. 


Chi ap  ter  Two 


CHURN  —  UIHAT  IS  IT  AND  WHAT  CAUSES  I T 

"Churn"  iian  be  defined  simply  as  the  changing  icver  t  i  ir 
of  the  values  of  the  variables  used  in  the  r  equi  r  em£t?n  t 
cc'mputation  model  <2:3-7;  5:1-2).  T 'U  understand  what  chiurn 

actually  is  and  what  causes  it,  we  need  to  examine  the  ba  , 
nature  ci  f  the  requirements  computation  system,  thie  irMsst 
signi  ficant  var  iables,  and  what  causes  the  values  of  thva 
V  a  r  1  a  b  1  e  s  t  iZ'  c  hi  a  n  q  e . 

The  'ZLirrent  Air  Force  aircraft  spares  budget  is  built 
with  a  bottoms  up  approach!  using  thie  D't)41  requirements 
ccimputation  model.  The  D041  model  computes  thie  r' equi  i  ement 
for  each  recoverable  part  in  thie  Air  Force  inventory.  The 
mc'del  cc'nsiders  numerous  variables  including  icperatinq  1 1  nu- 
(  flying  hours),  order  and  shipping  time,  repair  time  fco  be. 
base  and  depot,  mean  time  between  removals,  et'Z.  An 
exhiaustive  list  a  f  thie  variables  is  contained  in  AFLC'P  57 -■) 
Thie  model's  results  for  items  which  require  purchicase  of 
additi'Cnal  units  for  inventory  are  thien  stratified  in  thie 
Central  Standard  Item  St r at i f i c at i on  (CSIS).  The  CSIS 
converts  parts  to  dollars  and  becomes  the  Air  Force  budget 
submission  for  spares  0:8-1). 

The  actual  CSIS  includes  thiree  sets  of  requirements. 
These  sets  are  categc'rized  by  year  withi  the  current  rear 
'execution)  being  the  AY  or  appr  opr  i  at  i  on  year;  the  bu.du'-ct 
year  (next  year)  being  the  BY;  and  the  extended  year  '  icne 
additiC'nal  year  in  thie  future)  being  thie  EY .  The  AY 
r  eqtd  r  emien  t  ,  whiichi  is  ccenputed  as  of  March  is  '.sihiat  Ait  F:rc 
Lcigisti'is  I'citrimand  fAFLC)  is  actually  putting  'Cn  c  Cin  t  r  ac  t  T 

BV  requi  r  eiTient  is  six  monthis  <away  and  is  subject  to  >:  h‘ anqe  i: 
in  thie  SIX  monthis  before  purchiase  requests  are  actually 
prepared.  Finally,  thie  EY  requirement  is  subject  t  r.,  i.hiange 
iiiver  thie  next  two  years  and  bias  generally  been  regarded  as 
being  ina'icurate  in  trying  to  predict  tjuantities  lequiri'rj 
t'-iO  indiv'.dual  item  level.  Thie  EY  requirement  be'ic'mec  thi'-' 
budget  for  spares.  Given  thie  number  of  variables  erd‘ er  i  i  j 
intc'  thie  iTi'iidel  and  thie  time  frame  over  whiichi  thie  mMi'dol 
computes  present  and  future  buy  requirements,  all 
c  onp  u  t  a  t  1  C'fi  s  are  subject  to  chianqe  until  items  are  pla'.ed 


Based  on  thie  mathemat  i  cal  treatment  of  the  variables  in 
the  D041,  the  most  significant  variables  are; 

-unit  cost 

-failure  rate — removal  rate 

-not  repairable  this  station — NPTS 

-order  and  shipping  time 

-repair  time — base  and  depot 

-number  of  users 

-procurement  leadtime 

-condemnation  rate 

-flying  hour  p-^ogram  (.9:9-37;  7;2&') 

Changes  in  the  values  of  these  variables  will  cause  projected 
buy  requirements  to  change  when  put  into  the  D(.')41.  The 
definitions  of  and  sources  of  the  values  for  each  of  these 
variables  is  in  Appendix  5. 

The  value  of  each  variable  enumerated  above  will  change 
for  different  reasons.  For  example,  the  unit  cost  of  an 
item,  basically  the  price  paid  the  last  time  the  item  was 
ordertwi,  ignores  the  reality  of  the  market  place  and  is  only 
updated  for  inflation.  It  is  not  updated  for  greater  or 
lesser  quantity  (economic  production  rate.i  ,  technological 
state  of  the  market  (e.g.,  tubes  vs  solid  state),  or  specific 
market  anomalies  such  as  steel  alloys,  labor  problems, 
production  capacity,  competitive  bidding,  etc.  The  failure 
rate  or  removal  rate  measures  reliability  and  is  basically 
the  mean  time  between  removals  (failures),  and  it  can  also 
change  for  a  number  of  reasons.  Factors  such  as  changes  in 
mission  profile  (e.g.,  suddenly  beginning  to  fly  low  and  fast 
over  the  desert),  termination  of  an  item's  life  cycle 
(wearout  rate),  faulty  test  equipment,  and  lack  of  training 
for  technicians  can  all  affect  the  failure  rate. 

Based  on  constant  update  and  revisio.r)  of  variables,  we 
can  see  churn  is  caused  by  their  mathematical  impact  on  the 
requirements  model,  not  a  mysterious  hand  massaging  '::if  tfie 
quantities  of  items  to  be  bought.  ThE?  next  chapter  explains 
and  evaluates  this  impact. 


chapter  Three 


EVALUATION  OE  THE  IMPACT  OF  CHURN 

We  know  in  general  terms  what  churn  is  and  wheU'  causes 
it.  In  order  to  examine  the  impact  of  churn,  data  must  be 
acquired  and  analyzed  and  conclusions  drawn.  This  iihapter 
will  explain  flow  the  data  was  acquired  and  examined  and  will 
present  tfie  analysis  and  tfie  conclusions  to  be  drawn  frijun  tfie 
analysis. 


HOW  THE  DATA  WAS  ACQUIRED 


The  data  was  acquired  from  the  Logistics  Management 
Institute  (LMI),  which  used  its  data  base  of  past  AFLC  D041 
coiTiputat  i  ons  to  compute  the  basic  pipeline  data.  LMI 
computed  the  data  using  its  Aircraft  Availability  Model  (AAM) 
which  simulates  the  actual  D041  and  provides  the  Air  Force  a 
capability  to  quickly  generate  computations  to  make 
comparisons.  Only  pipeline  data  was  acquired  since  LMI 
computes  the  variable  sa'fety  level  portion  of  the  requirement 
using  a  different  technique  from  that  used  by  AFLC. 

The  D041  data  bases  used  were  those  for  March  1303, 

Mar'icl-i  13S4,  September  1934,  and  September  1985.  The  March 
19S3  data  was  used  to  compute  the  BY  and  EY  (1984  and  1905') 
requi  r ements.  The  EY  requirement  would  fiave  been  used  for 
tfie  1985  budget  request  submitted  to  Congress  in  January 
1934.  The  Septemiber  1984  data  was  used  to  compute  a  buy 
requirement  for  1985.  This  data  was  tfien  used  tc'  Ciompare  a 
budget  requirement  for  1985  with  a  buy  requirement  for  1985. 
In  a  similar  manner,  the  March  1984  data  was  used  with  the 
September  1985  data  to  look  at  budget  and  buy  requirements 
for  193S. 

In  eacf‘1  cf  the  D041  data  bases  there  are  ovE?r  15C),0DC> 
st'i'cf  numbers  wfuch  represent  tfie  population.  In  lorder  to 
examune  tfie  changeEj  caused  by  churn,  a  sample  was;  selected. 
Tfiis  samiple  was  not  random  and  can  not  be  assumed  to  be 
r  e p  r  e  s  e n  t  a  1 1  v e  o  f  t  fi  b  p  o p  u  1  a  1 1  o n  .  Tfi  e  s  t  o c  k  r  i  u m b  e r  s  c  fi  i:i 'c e n 
for  this  analysis  were  the  top  ten  (dollar  weighted)  buy 
items  for  the  F-15,  F-16,  and  E-3  aircraft  in  1985,  1986,  and 

1937.  Tfiese  stock  numbers  were  pulled  from  tfie  budqet 
brccfiures  tfiat  eacfi  Air  Logistics  Center  prepares  as  part  'if 
its  b  u.  I  j  g  !'■  L  b  a  '1  f  Li  p  m  a  t  e  r  i  a  1  . 


Tkie  data  are  based  on  the  AFLC  actual  depot  data  bank 
factors,  the  pipeline  requirements  derived  from  the  AAM,  and 
the  buy  r  equi  r  einent  computed  by  the  AAM.  The  requirement 
computed  by  tfie  AAh  was  not  used  in  the  actual  budget  nor  was. 
thi-at  r  equ  1  r  eiTien  t  used  to  generate  purchase  requests  for 
parts.  Tfie  data  wa?s  selected  because  of  its  availability  and 
the  responsiveness  of  LMI  in  providing  it. 

EXAMINING_THE_DATA 

The  complete  list  of  the  stock  numbers  which  were 
examined  for  our  FY35  budget  and  buy  and  our  FYS£  budget  .and 
buy  are  listed  in  Appendices  1  stnd  2  respectively.  This 
section  will  examine  both  years  and  will  present  the 
signi  f leant  variables. 

In  lo'jk.ing  at  FYS5,  44  stock  numbers  were  in  both  data 
bases  —  March  1S33  and  September  1984.  The  datsi  in  the  two 
computations  was  compared  only  for  the  stock  numbers  whose 
buy  quantities  changed  between  the  March  1933  EY  requirement 
and  the  Septemiber  1984  requirement.  There  were  17  items 
whose  quantities  changed  from  budget  to  buy.  Of  the  17 
items,  the  quantities  of  five  increased  (29  percent.)  and  the 
quantities  of  13  decreased  (71  percent).  The  major  variables 
used  in  the  computation  were  examined  to  determine  if  there 
was  any  trend  to  the  data.  We  will  first  look  at  the  items 
whose  quantities  increased  and  then  examine  the  ones  whose 
quantities  decreased. 

The  five  items  whose  quantities  increased  from  budyeb  to 
buy  are  listed  in  Appendix  3.  Condemnations  were  thie  majc'r 
cause  of  the  increase  in  buy  quantities,  althiough  many 
factors  affected  the  increase.  CTianges  in  more  than  one 
comput  at  1 'I'nal  variable  accounted  for  the  iniirease  in  the  buy 
quantities  of  each  of  four  of  the  five  items.  On  one  item 
the  projected  condemnations  increased  from  zero  to  28,  and 
the  pr  ii'C  Lir  ement  leadtime  increased  from  12  months  to  2T 
months.  The  other  three  items  had  increases  for  the 
finl  lowing  reasicns:  increases  in  projected  c  ondemnat  i 'ITi  s , 

(Tiore  parts  removals  from  the  aircraft,  and  increases  in  the 
numiber  of  bases  using  the  parts.  The  buy  requirement  for  one 
item  was  increased  isnly  for  insurance. 

The  12  iterris  whiose  quantities  decreased  from  budget  to 
buy  are  listed  in  Appendix  4.  The  primary  reason  for  the 
decrease  was  a  reduction  in  the  anticipated  number  is  f  parts 
remi'cvals  from  airtoraft.  Nine  of  the  12  items’  requirements 


'y  •' 


decreased  because  of  better  reliability  than  anticipated. 

The  remaining  three  requirements  were  reduced  because  the  Air 
Force  repaired  more  items  in  the  depot  rather  than  buying 


In  looking  at  FY86,  42  items  were  in  both  the  March  1984 

EV  computation  and  the  September  1935  computation.  Nineteen 
of  the  items’  quantities  changed  from  budget  to  buy.  Nine  of 
thie  nineteen  (47  percent)  increased,  and  ten  (53  percent) 
decreased.  We  will  first  look  at  the  items  whose  quantities 
increased  and  then  examine  the  ones  whose  qtiantities 
dec  r  eased . 


The  stock  ntunbers  of  the  nine  itetns  whose  quantities 
increased  from  budget  to  buy  are  listed  in  Appendix  3.  The 
primary  reason  for  increases  for  five  of  these  nine  items  was 
a  projected  increase  in  condemnations.  Two  of  the  items  had 
increases  because  of  an  unanticipated  increase  in  the  number 
of  bases  using  the  items.  One  item  had  an  increase  because 
the  time  to  repiiir  broken  items  at  the  base  and  depot 
increased.  Finally,  one  item  had  an  increase  because  the  buy 
of  needed  items  had  been  deferred  in  prior  years. 


Decreases  from  budget  to  buy  occurred  in  the  requirements 
of  ten  items,  and  their  stock  numbers  are  listed  in  Appendix 
4.  The  reason  nine  of  the  ten  had  lower  requirements  was  an 
improvement  in  the  reliability  of  the  part.  This  improvement 
resulted  in  projecting  fewer  removals  and,  therefore,  fewer 
required  parts. 


£lNALYSIS_Or_THE_DATA 

As  we  analyze  the  data  and  the  reasons  for  buy 
quantities  to  chianqe  from  budget  quantities,  it  is  i  mp'Cr  t  ant 
to  recognize  that  the  way  the  data  was  selected  makes  t 
1  napp  r  icp  r  1  a  t  e  to  extrapolate  from  this  skewed  sample  to  the 
pC'pLil  at  1  Cin  .  Thie  data  and  reasons  never  t  fiel  ess  prC'vide  an 
insight  into  the  dynamics  of  the  mul t i -var i abl e, 

(TiLil  1 1 -ec hel  on  inventory  model  that  is  used  to  both  budget  fov 
and  buy  it  ems . 

Within  this  limited  two-year  sample,  there  were  changes 
fr'cm  budget  to  buy  requirements  for  31  out  of  86  items. 
Iniireases  in  the  requirement  were  found  for  14  items  and 
decreases  for  the  other  17.  The  change  in  quantity  from 
budget  to  buiy  for  most  items  was  due  to  a  combination  of 
var 1 ab 1 es . 

To  understand  the  basic  relationship  of  the  variables, 
this  inventory  tnodel  can  be  explained  as  follows:  the 
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r equi r ement  is  a  function  of  failure  rate,  base  repair  time, 
percent  of  items  repaired  at  the  base,  depot  repair  time, 
order  and  shiipping  time,  number  of  c  ondemnat  i  lans ,  number  of 
users,  and  procurement  leadtime  (l:2-2i.  The  changing  value 
of  these  variables  and  their  interaction  over  time  will  cause 
buy  requirements  to  change  from  budget  requirements.  The 
primary  variables  which  change  and  result  in  changing 
quantities  are:  expected  condemnations,  item  failure  rates, 

number  of  users,  repair  times,  expected  number  of  repairs, 
and  procurement  leadtime. 

No  single  variable  was  the  sole  reason  for  the  buy 
quantity  changing  from  the  budget  quantity,  but  the  biggest 
reason  for  change  was  failure  rate.  Changes  in  the  failure 
rate  have  the  potential  to  change  the  requirement  the  most 
since  the  other  variables  are  subordinate  to  the  failure  rate 
in  the  mathematical  equation.  Failure  rate  change  was 
evident  in  23  of  the  31  buy  quantity  changes.  Change  in 
anticipated  condemnations  was  a  major  cause  of  increased 
quantity  for  eight  items.  Thie  number  of  users  changed  for  24 
items.  Projected  repairs  at  base  and  depot  changed  for  29 
1 1  ems . 

This  chapter  evaluated  the  impact  of  churn,  discussed 
how  the  data  were  obtained,  and  showed  how  numerous  variables 
change  in  the  dynamic  inventory  model.  Now  that  the  reasons 
for  churn  and  its  imipact  at  the  item  level  have  been 
presented,  it  is  important  to  see  the  impact  of  churn  on  the 
budget  process. 


Lhapter  Four 


EFFECT  OF  CHURN  ON  THE  BUDGET  PROCESS 
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We  have  d i sc usoed  the  impact  of  churn 
buy  quantities  of  individual  items.  We  wi 1 
larger  impact  'C  f  ‘•;hiurn  on  thie  budget  proces 
review  tfie  budget  process  for  spares.  Seco 
the  effect  cf  time  on  the  budget  process, 
illustrate  the  the  overall  impact  of  churn 
level.  “inally,  we  will  examine  the  reason 
confidence  in  the  spares  budget  process. 


Ih!i_BUDQEI_PRgCESS 

The  budget  process  for  spares  begins  with  the  D041 
Requirements  'Computation  being  run  in  Marcli.  The?  results  '.jf 
the  computation  are  available  in  ear-ly  September  of  the  same 
year.  This  computation  produces  the  three  requirement 
statements  known  as  the  AY,  BY,  and  EY  requirements.  The 
time  line  below  illustrates  the  timing: 


MAR  MAR  MAR 

SEP  SEP  SEP 

The  time  line  shows  that  the  AY  requirement  is  for  the 
refnainder  of  the  fiscal  year — March  through  September.  Trie 
BY  requirement  is  for  the  next  fiscal  year  and  is  used  t  i:j 
begin  thie  execLition  process  as  the  basis  for  purchase 
requests.  The  EY  requirement  is  used  tio  prepare  the  budget 
for  OSD  review  and  incorporation  in  the  F'r  esi  dent  ’  s  Budget  in 
Januar  y . 

The  BY  requirement  is  an  update  to  the  previous  EY 
requirement  tfiat  was  the  basis  for  requirements  sent  to 
Congress  as  the  President's  Budget.  This  update  to  the 
President’s  Budget  is  not  available  to  the  Air  Staff  normally 
until  the  middle  ctf  Sepitember,  just  prior  to  passage  of  the 
Appr  C'pr  1  at  1  on  Bill  by  Congress.  The  timing  of  the 
availability  of  thie  updates  makes  updates  to  the  Congress 
very  diffi'iult,  especially  if  any  analysis  is  required. 
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For  years  the  Air  Force  has  re'iognized  the  need  to  be 
able  to  have  the  BY  data  available  earlier  CBrllE).  When  the 
Requirements  Data  Bank  iRDB)  system  becomes  available,  the 
timing  will  improve.  However,  the  RDB  for  budget  purposes 
and  requirements  computation  will  not  be  available  until  1991 
'.3;--).  In  the  interim,  updates  will  not  be  available  in 
time  to  make  adjustments  to  the  budget  request  which  Congress 
reviews  before  appropriating  funds. 

EEEEk-I_QE_IiMi 

Time  affects  the  budget  and  buy  requirements.  Variables 
used  to  compute  the  requirements  are  subject  to  change  over 
time.  AFLCR  57-4  discusses  in  detail  the  methiods  used  to 
update  the  various  factors.  Briefly,  the  values  of  the 
variables  are  computed  by  using  a  two-year  moving  average  of 
data.  The  two-year  average  is  comprised  of  eight  ob<ser  vat  i  on 
points  and  is  updated  by  dropping  the  first  quarter  data  and 
adding  the  new  data  point  for  the  last  quarter  (9:9-1). 

The  procedure  for  updating  the  values  of  the  factors 
insures  that  the  best  and  latest  information  is  used  to 
project  future  needs.  Additionally,  use  of  the  two-year 
moving  average  minimizes  th.e  effects  of  sudden  changes  in  the 
variables  and  effects  of  errors  made  in  inputting  data. 

The  effect  of  time  on-  the  budget  process  can  best,  be 
illustrated  by  the  fact  that  between  the  EY  computation  and 
the  BY  computation  there  are  four  quarters  worth  of  data  used 
to  update  factors.  Since  four  of  the  eight  quarters  of 
observation  points  are  updated,  there  is  potential  for 
significant  change  in  the  variables’  values.  Changes  in  thie 
variables'  values  cause  the  requirements  to  change.  Although 
there  is  significant  change  at  the  item  level,  the  overall 
impact  in  terms  of  dollars  needed  to  buy  the  required  parts 
c  hanges  1 i 1 1 1 e . 


QdUEN_i!!!F;ACI_AX_IHE_QVERALL_LEVEL 

If  the  44  items  in  the  March  1983  computation  and  the 
September  1984  computation  are  used,  then  we  can  make  tkie 
following  comparison  between  the  budget  and  the  buy  on  a 
dollar  basis.  The  budget  for  the  44  items  in  our  FYS5  budget 
was  12.1  million  dollars.  The  September  1984  computation 
ibuy>  had  a  dollar  requirement  of  10.8  million  dollars. 
Between  the  budget  and  the  buy  there  was  a  net  decrease  of 
1.3  million  dollars.  In  examining  thie  individual  chianges  in 
Chapter  Three,  we  determined  that  the  change  in  failure  rate 
(mean  time  between  removal)  accounted  fc^r  most  of  thc' 
de'iriaase  ‘85  percent.). 


Our  rY86  budget  and  buy  requirements  can  be  examined  by 
making  the  same  type  of  comparison  using  the  42  items.  Tkie 
budget  was  based  on  the  March  1984  computation  and  hiad  a 
dollar  requirement  of  14.1  million  dollars.  The  September 
198b  computation  (buy)  had  a  dollar  requirement  of  15.3 
million  dolla»^s.  Between  the  budget  and  the  buy  thiere  was  a 
net  in'Crease  of  1.7  million  dollars.  The  individual  itemi 
analysis  in  Chapter  Three  shows  that  the  change  in  projected 
condemnations  accounted  for  6&  percent  of  the  i  terns  that 
1 nc  r  eased . 

Based  on  the  items  selected,  we  see  that  the  number  icf 
dc'llars  required  for  the  FYS5  buy  were  10  percent  less  Ln.jr, 
the  dollars  required  for  the  FYOw  budget.  From  the  FYS& 
budget  to  the  FYS&  buy,  there  was  a  12  percent  increase  in 
the  dollars  required.  However,  if  we  add  up  the  dollar 
increases  and  decreases  of  each  item  whose  value  'changed,  we 
discover  a  75  percent  change  in  terms  of  dollars  for  FYGw  an 
a  73  percent  change  in  FY36.  Churn  causes  a  great  deal  of 
change  at  the  individual  item  level,  but  the  change 
system-wide  is  not  so  significant  as  more  itemis  are  included 
and  the  increases  and  the  decreases  begin  to  cancel  each 
other  out  in  terms  of  dollars. 


QQNEIDENCE_IN_IHE_ByD0EI 

Over  the  past  few  years  the  credibility  of  the  budget 
request  has  been  questioned.  This  credibility  was  first 
questioned  in  the  FY86  Appropriations  Act,  and  the  budget 
request  was  reduced  300  million  dollars  based  on  a  House 
Surveys  and  Investigations  Report  that  was  critical  of  the 
Air  Force's  use  of  a  macroeconomic  forecasting  technique 
(11:248-252).  The  Air  Force  then  reverted  to  using  the  D041 
to  forecast  requirements  even  though!  that  model  also  has 
1 imitati ons . 

Thie  DC)4 1  was  not  designed  as  a  budget  forecasting  tool 
but  fias  been  accepted  as  one.  Thie  major  problem  is  thiat 
some  pec'ple  believe  thiat  thie  D041  can  accurately  forecast 
item-level  quantities  and  costs  for  150,000  items  two  years 
before  going  into  the  marketplace  to  buy  them.  As  shown  in 
Chiapter  Thiree,  the  requirements  at  thie  item  level  change  as 
function  of  time  and  external  factors  suchi  as  wearout  rates, 
failure  rates,  various  Air  Force  actions,  and  economic 
f  a  c  t  i.n  r  B  . 


Thie  budget  request  thie  Air  Force  sends  to  Congress  is 
thie  best  estimate  of  thie  dollars  required  t.-.  buy  p'^rts  based 
on  the  D()‘il  computation  and  external  adjustments  hiy  item 
managers.  As  shiown  above  and  in  Chiapter  Thiree,  thie  chianqe 
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total  dollars  required  for  the  selected  items  was  within  10 
percent  even  thiciugh  there  was  about  a  75  percent  change  at 
the  item  level  because  of  churn. 

This  ':hapter  has  graphically  portrayed  the  budget  cycle 
for  spares  computations  and  the  problem  of  getting  the 
updated  data  when  desired.  The  effect  of  time  on 
requirements  was  also  discussed  and  the  probability  of  chanq 
was  shown,  given  that  one— hal f  of  the  observation  points  on 
which  the  value  of  variables  is  computed  are  updated  between 
the  budget  and  the  buy.  We  discussed  the  effect  of  churn  at 
the  overall  level  and  showed  it  was  about  plus  or  minus  10 
percent  even  though  there  was  aboLi+‘  a  75  percent  change  in 
budgeted  dollars  versus  buy  dollars  at  the  itejii  level.  We 
can  conclude,  then,  that  churn  should  not  lessen  the 
confidence  in  the  budget  request  for  dollars  to  buy  parts. 


chapter  t  i  ve 

CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 

This  paper  has  described  the  phenomenLim  ijf  churn  in 
r  el  a  1 1  cnsK)  i  p  to  the  spares  requirements  prC'Cess.  Simply 
stated,  churn  is  the  changing  value  of  variables  over  timie. 

impacts  individual  item  requirements  more  than  it 
impacts  the  total  budget  request  in  terms  of  dollars. 

Based  on  our  data  some  trends  can  be  seen.  In  terms  of 
dollars,  there  was  a  greater  than  70  percent  change  at  the 
item  level  versus  an  overall  change  of  only  about  plus  cir 
minus  10  percent.  Continous  updating  of  the  variables 
improves  the  accuracy  of  the  buy.  Updating  of  the  failure 
rate  and  projected  condemnations  insures  that  the  items  now 
required  are  being  bought.  The  closer  to  the  buy  point  we 
can  update  the  variables,  the  better  we  can  compute  the 
required  parts,  Hciwever ,  due  to  having  only  two  data  P'ldnts 
on  which  to  test  a  hypothesis  and  also  because  the  data  was 
from  a  selected  sample,  no  statistical  inference  is  made. 

The  D041  Requirements  Computation  model  is  not  a  static- 
model,  but  a  dynamic  one.  It  changes  with!  time  as  will  any 
dynamic  budgeting  and  forecasting  model.  It  is  inappropriate 
for  anyone  to  expect  a  dynamic  model  to  provide  the  same 
answers  at  two  points  in  time  which  are  a  year  apart. 

However,  as  was  shown  in  this  paper,  there  was  only'  ab'jut  a 
10  percent  net  change  in  dollars  from  budget  to  executi'on.. 

Triis  degree  of  accuracy  provides  confidence  that  the  budgeting 
process  ultimately  produces  accurate  budgets  and  shiould  not 
be  tarripered  with. 

RECOMMENDAIIQNS 

AFLC  should  use  this  report  as  a  starting  point  to 
conduct  a  study  involving  more  than  two  data  points  and  using 
a  random  sample.  Such  a  study  would  prove  useful  in 
providing  additional  confidence  that  the  computation  process 
produces  an  accurate  budget  and  that  the  updating  process 
provides  accurate  buy  requirements. 
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Additionally,  Ah Lu  should  create  an  analysis  office  to 
help  in  preparing  the  budget.  This  office  would  ensure?  that 
the  budget  and  buy  requirements  are  accurate  and  the  thiat 
relationship  between  the  two  is  explainable.  The  1983  Corona 
Require  study  recommended  a  similar  office  be  established  for 
the  F'rcigram  Objective  Memorandum  submissions  iS:112).  Thus, 
the  con'iept  is  not  new.  The  need  is  clear. 


•  •  <L  •  ^  '  •  “ 
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APPENDIX  1 


FY£)5  Sample 

1 560-00-5 IS-SSaSFX 
1560-00-523-5267FX 
1 560-0 1 -564-4844F  X 
1 560-0 1 - 1 03- 1 977F  X 
1 630-0 1 -069-0093 
1650-00-288-6044 
1 650-0 1 -04 1 -4433 
1 650-0 1 -052-0503 
1 650-0 1 -073-035 1 
1 650-0 1 -096-4603 
1 66U— 00— 273— 8669 
1660-00-544-4334 
1 660-0 1 -0 1 5-50 1 7 
1660-01-046-0943 
1660-01-084-6853 
1680-0 1-048-8977WF 
2620-01-055-46.00 
2835-01-068-6525 
2835-0 1 -09 1 -2433 
2835-01-140-1623 
2840-0 1-018-4493RV 
2840-0 1 -020- 1 322RV 
2840-0 1 - 1 46-5023 JF 
2840-0 1 - 1 46-9374 JF 
2840-0 1 - 1 46-939 1 JF 
2840-01-1 47-0559 JF 
2840-0 1 - 1 47-056 1 JF 
2910-01-037-8565 
2925-01-1 15-0306YP 
48 1 0-0 1 -034-0 1 96 
4810-01-1 18-7939YD 
4920-00-553-3376DQ 
4920-01-059-51 18DQ 
5821-01-007-7236 
5821-01-035-1521 
584 1 -O 1 -073-2065 
66 1 0-0 1 -O 1 0-20 1 3 
66 1 0-0 1 -O 1 0-45 1 6 
66 1 5-0 1 -007-4290 
6615-01-013-5966 
66 1 5-0 1 -035-0744 
6625-0 1-045-5759DQ 
6625-0 1 -05 1 -6832D0 
6625-0 1-052-5588DQ 
6625-0 1 - 1 03-6627DQ 


APPENDIX  2 


FYSG  Sample 


o 


1560—00 
1 560-00 
1560-01 
1620-01 
1630-01 
1630-01 
1650-00 
1650-01 
1650-01 
1 650-0 1 
1650-01 
1 660-00 
1660-00 
1 660-0 1 
1 660—0 1 
1 660-0 1 
1680-01 
2620-0 1 
2835-00 
2835-01 
2835-01 
2840-01 
2840-01 
2840-01 
2840-01 
2840-0 1 
2840-0 1 
2840-0 1 
29 1 0-0 1 
2925-01 
4810-01 
4310-01 
4920-00 
4920-01 
4920-01 
5821-01 
5841-01 
6610-01 
6610-01 
6615-01 
6615-01 
6615-01 


- 1  1  ■=•,- 


-63896  X 

-5267FX 

-4344FX 

-3083 

-0093 

-0444 

-6044 

-4433 


-4603 

-3669 

-4334 

-5017 

-0943 

-6853 

-8977WF 

-4600 

-9420 

-2433 

-1623 

-4493RV 

-5023JF 

-9374JF 

-9391 JF 

-0535JF 

-0559JF 

-056 IJF 

-3565 

-0306YP 

-0196 

-7989YQ 

-3376DD 

-51  18DQ 

-4476DQ 

-1521 

-2065 

-2018 

-4516 

-4290 

- 5  9  6 

-0744 
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Items  Whose  Quantities  Increased 
PY85 

1560-01- 103- 1977rX 
1 630-0 1 -069-0093 
1680-01 -048-8977 WP 
4920-00-553-3376DD 
66 1 5-0 1 -007-4290 


FY86 


1560-00- 
2835-00- 
2835-01- 
2840-0 1 - 
2840-01- 
4920-00- 
4920-01- 
6615-01- 
6615-01- 


-5267FX 

-9420 

-1623 

-939 IJF 

-0559JF 

-3376DQ 

-4476DQ 

-4290 

-0774 


N  A'.N  .s  -V 


-*'•1  ■"*  K 

•  L%  2%  wV  .^’S,  'V  -I  tl 


APPENDIX  4 


Items  Whose  Quantities  Decreased 
FY85 

15&0-01-5&4-4S44FX 
1&50-00-288-&044 
1  1  ~U86'“4&U3 

1 6&U—OU“273— 86&S 
1660-00-544-4334 
1660-01-084-6853 
2620-0 1 -055-4600 
2835-01-140-1623 
2910-01-037-8565 
4920-01-059-51 ISDD 
5821-01-007-7236 
584 1 -O 1-073-2062 


FY36 

1 560-0 1-056-4844FX 
1 630-0 1 -069-0093 
1630-01-083-0444 
1 650— 00—238— 6044 
1650-01-096-4603 
1 660—00—273—8669 
1660-01-046-0943 
1660-01-034-6853 
2 6 2 <;•  -  0  1  -  <:) 5 5 - 4 6- 0 0 
2840-0 1 - 1 47-056 1 JF 
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APPEND  I X 


Variable  Definitions 

Un i^t_c ost -t he  latest  acquisition  price  to  procure  one 
unit  of  the  item,  plus  a  3X  f i r st -dest i nat i on  transportation 
charge. 

®ssed  as  total  organizational  and 
intermediate  maintenance  demand  rate  CTOIMDR).  This 
measures  the  rate  at  which  base  maintenance  places  demands  on 
supply  for  a  serviceable  item. 

Not _r  epai^r  ab ]^e_t his_st at  1.  on-i  t ems  that  can  not  be 
repaired  at  the  user's  base  and  must  be  returned  t'a  the  depot 
fc‘r  repair. 

QL^er  _and_sh  !.£& i.ng_t  i^me-i  3  the  time  that  elapses  between 
the  initiation  of  a  request  for  a  serviceable  item  until  its 
delivery  to  the  requestor. 

E§fi§L!l_tLQ}®TT;bsse_and_degot  — t he  timespan  in  days  from 
the  time  an  unserviceable  item  is  removed  from  use  until  it 
is  made  serviceabe  in  base  maintenance  or  depot  maintenance. 

Nymber_gjf_users-the  number  of  stock  record  accounts 
reporting  a  demand  level  for  the  item. 

Pr  ocur  ement_l,eadt  i.me-i  B  the  sum  of  administrative 
leadtime  (time  from  start  of  purchase  to  contract  award)  and 
production  leadtime  (time  from  contract  award  until  lOM  of 
the  Cirder  has  been  delivered). 

QoQ  demnat  i_on  _r  at  e— t  he  portion  of  the  total  parts 
processed  for  repair  which  could  no  longer  be  repaired. 

PiyiDa_t!E'k'D_EDE'9I^n!~^he  projected  number  of  hours  the 
different  aircraft  will  be  flown  per  quarter. 


